Abstract Long-term adherence to training programmes is difficult to attain. Yet, the benefits of exercise to general health and well-being are undeniable. Any measure to demonstrate the minimum required exercise for maximal benefit to a person is a promising avenue towards increasing the uptake and adherence to physical activity for the general public. The purpose of this study was to compare the effects of two different intensities of resistance training in healthy older adults. We hypothesised that compared to high-intensity resistance exercise, relatively low training intensity could also improve in vivo markers of healthy physiologic and endocrine functions in previously sedentary older individuals. Thirty (out of a possible 34 recruited) older adults were randomly assigned to low (LowR, i.e. ∼40% one repetition maximum (1RM)) versus high-resistance training (HighR, i.e. ∼80% 1RM) for 12 weeks. Neither intervention significantly impacted upon body composition markers including: body mass index (BMI), waist/hip ratio and bioelectric impedance. Muscle strength data showed an advantage for the HighR protocol with 51±4% and 22.4±10.2% (P<0.05) improvements in 1RM strength and bilateral knee extension torque, respectively, compared with 17±1% and 10.3±4.7% (P<0.05) increments in 1RM strength and bilateral torque in the LowR group. Unilateral torque did not change significantly in either group. Quadriceps muscle thickness data also showed a significantly greater benefit of the HighR protocol (5.8±2.6% increase) compared with the LowR protocol (no change). Functional ability tests, including Get-up-and-go (GUG), Standing from lying and the 6-min walk, showed changes of −11.6 ± 4.8%, −15.6% and 8.5±1.7% (P<0.05), respectively, in HighR compared with only one significant improvement in the LowR, namely a −10.8±3% (P<0.05) improvement in the GUG test. Overnight fasting serum levels of IGFBP-3 increased, NPY decreased and TNF-α decreased significantly in the LowR group. Serum levels of glucose increased and NPY decreased significantly in HighR. Circulating levels of I, IL-6 and IGF-1 did not change with either intervention. In vivo physiologic changes show functional advantages for older persons carrying out AGE (2010) 32:139-153 
Introduction
Increased dependence in old age occurs through a number of circumstances, with decreased mobility being one of the most acutely debilitating (Doherty 2003) . In hand with decreased mobility comes a notable reduction in skeletal muscle mass (sarcopenia), which occurs at ∼5% per decade after the 4th decade and increases by a further ∼1% every year after the 65th birthday (Greenlund and Nair 2003; Klitgaard et al. 1990 ; Lexell et al. 1988; Narici et al. 2003; Young et al. 1985) . Sarcopenia is also associated with asthenia or decreased muscle strength whereby in the knee extensors for instance, strength losses are in the order of 20-50% between the ages of 25 to 73 years (Poulin et al. 1992; Vandervoort et al. 1990; Young et al. 1985) .
That lifelong (Pearson et al. 2002) and/or newly adopted (Onambele et al. 2008 ) high levels of physical activity slow down and/or reverse agerelated declines in strength is undoubtedly demonstrable. What is clear also is that whilst endurance (Klitgaard et al. 1990 ) and aerobic (Sipila et al. 1997) work have their cardiovascular benefits, resistance work more specifically can be associated with improved functional ability in daily tasks requiring strength (Coggan et al. 1992; Tracy et al. 1999) . In their seminal paper, Frontera and co-workers (1988) used high-intensity strength training in healthy older men aged 60-72. The striking increments in strength (∼150%) and mid-thigh muscle mass (11.4%) after 12 weeks of resistance training have since established the training programme used as 'normal practice'. This protocol involved three sets of eight repetitions (at 80% of the one repetition maximum (1RM)), three times a week, for each muscle group being trained. In the same vein, in recent work, it was concluded that 70-90% 1RM training in healthy older individuals was the most effective protocol for obtaining traininginduced increments in muscle mass, with strength improvements being comparable to those seen in young individuals (Chin et al. 2008; Fielding 1995) .
Another important aspect of ageing, which may in fact interfere with responsiveness to exercise, is the background of increased levels of inflammatory cytokines, a phenomenon referred to as 'inflamed ageing' (Butcher and Lord 2004) , coupled with worsened metabolic profile, particularly in terms of hormones associated with both appetite and glucose metabolism (Adamczak et al. 2005; Baranowska et al. 2006; Schutte et al. 2007 ). In a context where (a) muscle hypertrophy can be achieved through either the decreased breakdown or the increased production of proteins (Short et al. 2005) , (b) ageing-related sarcopaenia is related to decreased myosin heavy chain (crucial in muscle contractile function) synthesis rate and (c) hypoactivity is linked to a greater degree with decreased synthesis than any changes in breakdown activity (Rennie et al. 2009 ), the synthesis rate of myosin heavy chain has been shown to correlate to circulating levels of insulin-like growth factor-I (IGF-I), dehydroepiandrosterone sulphate (DHEAS) and testosterone (Balagopal et al. 1997) . Thus, whilst a causal relationship has not necessarily been shown, and in fact increased levels of GH and/or IGF-I are beneficial in deficient but not healthy individuals in terms of hypertophic response (for a review, read (Velloso 2008) ), these compounds may yet offer an insight into protein synthesis (and thus muscle anabolism) through implied modulated ability to synthesise myosin heavy chain. Together, the above phenomena suggest that the strategy to prescribing exercise in an older population ought to be manipulated in order to also take the altered hormonal environment into account, thus potentially maximising all of the potential positive effects of an exercise intervention.
Given the worldwide age demographics, coupled with the fact that older people have the greatest barriers (mostly in terms of accessibility and social context) to participating in exercise, simple advice on the minimum requirement for maximal benefits are likely to be the key to empowering older persons in terms of their personal lifestyle strategies. There are currently no systematic studies geared towards minimising the level of exercise intensity whilst maximising muscle strength and size as well as improving the endocrine profile of older adults.
The current study, therefore, aimed to determine whether, in an otherwise healthy older population, (a) high resistance activity would have positive muscle volume, functional and endocrine effects and (b) lowresistance activity could in fact elicit similar degrees of improvement (as high resistance activity) in hormonal, metabolic and functional parameters associated with physical well-being. Based on the principle that a previously reduced physical activity background entails a relatively greater potential for positive response to increased activity particularly in the older individual (Mroszczyk-McDonald et al. 2007) , we hypothesised that compared to highintensity resistance exercise, relatively low training intensity could also improve markers of healthy physiologic and endocrine functions in previously sedentary older individuals. In other words, in view of the fact that the literature has already reported a link with several endocrine factors and resistance exercise (for reviews, see (Crewther et al. 2006) and (Velloso 2008) ), the purpose of the current study was in fact to (a) determine the effectiveness of relatively low resistance exercise and then (b) establish any link of changes in endocrine factors with exercise intensity in older people.
Methods

Participants
Thirty-nine older adults volunteered to participate in the current study having responded to advertisements posted locally. All applicants gave written informed consent to take part in the study though five of these prospective volunteers were excluded as they had a known history of cardiovascular, neurological, inflammatory or myopathic disease. Each participant's general practitioner gave medical consent for the exercise regime. Thus, the current study participants were healthy, community dwelling and habitually active individuals, with no recent history of structured resistance training. The local Human Ethics Committee approved all experimental procedures.
Of the 34 healthy older adults who started the study, 30 completed the 12-week exercise intervention. Participants were randomly assigned to either a low (LowR) or a high (HighR) resistance-training group: the gender repartition, as well as age and physical characteristics of the completing participants are presented in Table 1 .
Muscle strength measurements
One repeated maximum measurement During a familiarisation session no more than 7 days prior to the 12-week intervention, participants' 1RM was determined for all exercises employed in the training programme. Participants first performed a standardised warm-up on the leg press (6×50% perceived 1RM; 4×70% perceived 1RM with 3-min recovery). Note here that we used 'perceived submaximal efforts' so as to not induce fatigue in the participants and/or injury by asking them to perform a maximal contraction on a 'cold' muscle. After warming up, the load was set at 90 % of the initially estimated 1RM and increased after each successful lift by 5 kg until failure. Each participant was given six lifting attempts in order to achieve their 1RM and a maximum of two attempts to lift the weight, once it had been established. The greatest amount of weight lifted successfully was recorded to determine the training load. Between successive attempts, 3-min rest periods were allowed. A repetition was valid if the participant used correct form and was able to complete the entire lift in a controlled manner without assistance. Participants' 1RM for each exercise was reviewed every 2 weeks during training and if 1RM had increased the training load was adjusted accordingly. Additionally, if any participants felt that inbetween 1RM assessments the training load was not providing adequate resistance, the load was increased so they were always lifting at the desired percentage of their maximum. Participants were familiarised with the resistance exercise training protocol on a subsequent visit to the laboratory.
Isometric knee extensors muscle strength measurements
Participants were familiarised with the experimental procedures on a separate occasion no more than 7 days prior to the baseline test sessions. In one single testing session, quadriceps isometric strength measures were taken on the right leg and isokinetic measures on the left leg, using a Cybex Dynamometer (Cybex Norm, Cybex International Inc., NY, USA). The centre of rotation of the lever arm of the dynamometer was aligned with the axis of rotation of the knee. Participants were positioned with the hip joint at 85°(supine=0°). In order to minimise any extraneous movement of the hip joint or the trunk, participants were strapped over the shoulders, pelvis and thighs. Settings of chair height and positioning relative to the dynamometer were adjusted individually with all settings recorded and replicated at the post-intervention testing phase. Gravity corrections were then made following the manufacturers' own procedure, having adjusted the attachment of the lever arm cuff relative to the length of the participant's shank. Previous work from within our laboratory has utilised similar methods of measurement, finding them to be both valid and reliable Onambele 2005, 2006) .
Maximal unilateral isometric torque Maximal isometric knee-extension torque was measured with the knee at 70°angle (full knee extension=0°) on the right leg of all participants. After a series of warm-up trials consisting of 10 isokinetic contractions at 60°s −1 at 50-75% maximal effort, participants were instructed to rapidly exert maximal isometric force against the Cybex lever arm over a 3-to 4-s period. Participants were given both verbal and visual encouragement/feedback throughout their effort. Joint torque data were displayed on the screen of a computer (Macintosh G4; Apple Computer, Cupertino, CA), which was interfaced with an A/D system (Acknowledge, Biopac Systems, Santa Barbara, CA) with a sample frequency of 500 Hz. Isometric contractions were held for ∼2 s at the plateau, with a 90-s rest period between contractions. Peak torque was averaged over a 500-ms period at the plateau phase. The mean peak torque (MVCext) of three extensions was used as the measure of strength in each participant.
Maximal bilateral isometric torque Maximal bilateral isometric knee-extension torque was measured with both knees at 70°angle (full knee extension=0°) pushing against a customised lever arm. Similar precautions to record time of day were taken. After a series of warm-up trials consisting of three isokinetic contractions at 60°s −1 at 50% Maximal effort, participants were instructed to rapidly exert maximal isometric force against the Cybex lever arm over a 3-to 4-s period. Participants were given both verbal and visual encouragement/feedback throughout their effort. Joint torque data were acquired and processed as during the unilateral efforts, with the only difference that, here, the best of the three efforts was used as the measure of strength for each participant.
Mid-thigh muscle thickness
Real-time B mode ultrasonography with a 7.5-MHz linear-array probe (AU5, Esaote, Genoa, Italy) was used to study mid-thigh muscle thickness in the area of the vastus intermedius (VI) and the vastus lateralis (VL) muscles. Muscle thickness was taken at rest with the knee at 70°angle. Scans were acquired in the midsagittal plane, at approximately 50% length of the VL muscle as measured from the origin at the linea aspera and lateral femur to insertion at the tibial tuberosity via patella tendon on the anterior surface. Mediolateral width of the VL was determined over the skin surface, and the position of one half of the width was used as the measurement site. The ultrasound probe was coated with water-soluble transmission gel to provide acoustic contact and was held in place without depressing the dermal surface by the assessor. Three separate recordings of mid-thigh muscle thickness were made with 90-s rests between each recording. Ultrasound images were acquired using a digital recorder and frames exported to capture software (iMovie HD6, Apple computer Inc, USA). The VL thickness was measured as the distance from the top of the peripheral muscle aponeurosis to the deep aponeurosis. VI thickness was from the deep aponeuroses to the surface of the femur. The three points of interest were measured at three standardised points on each ultrasound frame to obtain an average tissue thickness using ImageJ analysis software (ImageJ 1.37, NIH, Bethesda, MD). Total muscle thickness was computed as the sum of VI+VL muscle thickness measured.
Body composition
Waist-hip ratio
A measuring tape was used to measure the circumference of the hips at the widest part of the buttocks and the waist at the smaller circumference of the individual's natural waist (just above the navel). The waist-hip ratio was used as the individual's score of central adiposity.
Bioelectrical impedance analysis
Bioelectrical impedance analysis (BIA; BODYSTAT, Isle of Man, British Isles) was used to estimate body composition based on the difference in electric conductive properties of various tissues. The BODY-STAT applied 500 µA at a single frequency of 50 kHz through self-adhesive electrodes placed on the right hand and foot, of a participant lying flat on their back with their arms away from the trunk, thighs not touching and ankles at least 20 cm apart. Although BIA has acknowledged limitations when applied to non-standard or elderly populations due to the built in equation utilised to calculate body composition, it is important to state that the BIA in this study was used to assess within participant adaptations as a consequence of the intervention and as such carries more validity. What is more, to lend greater external validity to data from this instrument, raw values were corrected for the inherent ∼15% overestimation in body fat content (when comparing pilot participants BIA versus DEXA outputs-others have drawn similar conclusions regarding the differences in body fat content values depending on the methodology used (Jorgensen et al. 1996; Lintsi et al. 2004) ) and have tended to consider DEXA readings as gold standard since it yields values similar to those obtained from the hydrostatic weighing method (Prior et al. 1997 ).
Body mass index
BMI was defined as the individual's body mass (kilograms) divided by the square of their height (square meters).
Functional abilities measures
The tests of functional ability were all performed on 1 day at the outset and completion of the study and were similar to a battery of functional tests performed by participants in previous research (Chandler et al. 1998; Skelton et al. 1995) .
Get-up-and-go
Three cones were placed 1 m apart on the floor in front of a rigid chair of adjustable height. The participant's knee-to-floor height (i.e. the distance from the knee joint axis to the floor) was recorded prior to testing to determine the appropriate chair height for each test. Once knee height was determined, the chair height was set at 100%, 80% and 60% of each individual knee-to-floor height for the tests. The test started with the participant seated on the chair (at the appropriate height), with feet flat on the floor and arms folded across the chest. They were then asked to rise unaided as quickly as possible, walk around the furthest cone (3 m away) and back to the initial seated position on the chair. The elapsed time between 'chair rise' to 'sitting back down' was recorded. The quickest of three trials was used as the participant's score.
Standing from lying
Participants were asked to lie flat on the floor on a gym mat and on their preferred side, with their arm on the floor outstretched and their head flat on the outstretched arm. Participants were then instructed to rise as quickly as possible using their preferred technique. The time elapsed between the instruction to 'Go' and the participant standing upright and steadily with both feet firmly on the ground was recorded. The fastest of three trials was utilised as their score.
Six-minute walk
A 10-m course was set with cones 1 m apart in a straight line. Participants were instructed to walk around this course using their fastest, non-running, walking pace, with the aim of completing as many revolutions of the circuit as possible in 6 min. The score was calculated as the total distance covered in the allocated time.
Metabolic and endocrine profiling
At the onset and end of the intervention and following an overnight fasting period, participants reported to the laboratory. A 21-gauge 1-in. ultrathin wall needle (Terumo medical corporation, New Jersey, USA) was inserted into the anticubital vein of the forearm. Using a vacutainer assembly and serum separator tubes (Monovette, Sarstedt, Numbrecht, Germany), 10 mL blood samples were collected. Blood glucose was analysed immediately using a single drop of freshly sampled blood using the AccuChek Advantage System (Roche Diagnostics Ltd, Lewes, UK; Sensitivity of <10 mg/dL (i.e. minimum detectable concentration); Intra-assay variability of 2% (i.e. coefficient of variation)). The remainder of the sample was centrifuged at 2-5°C for 5 min at 4,000 rpm, with the supernatant being removed and stored in eppendorfs at −70°C for later analyses. Insulin (Biosource, Nivelles, Belgium; Sensitivity of 0.15 µU/ml; Intra-assay variability of 4.2%), IGF-I (Biocode-Hycel, Liege, Belgium; Sensitivity of 4.9 ng/ml; Intra-assay variability of 8.0%), tumour necrosis factor-α (TNF-α; Diaclone, Besancon Cedex, France; Sensitivity <8 pg/ml; Intra-assay variability of 3.3%), NeuroPeptide Y (NPY; Phoenix Europe GmbH, Karlsruhe, Germany; Sensitivity of 0.13 ng/ml; Intra-assay variability <5%), insulin-like growth factor binding protein-3 (IGFBP-3; Biocode-Hycel, Liege, Belgium; Sensitivity of 10.5 ng/ml; Intraassay variability of 6.5%) and interleukin-6 (IL-6; Diaclone, Besancon Cedex, France; Sensitivity <0.8 pg/ml; Intra-assay variability of 3.3%) were analysed using standard enzyme-linked immunosorbent assay procedures.
Training programme
The training programme was 12 weeks in duration and consisted of one supervised gym-based class and two home-based sessions per week in LowR. In HighR, the programme was for two supervised gymbased classes and one home-based session per week. All exercise sessions were 1 h in duration. Briefly, the supervised exercise classes consisted of a warm-up (stretching, aerobic and coordination work), resistance exercises (using therabands for all major muscle groups, Leg Press, Leg Extension, Calf Rotator and Glute conditioner (Technogym, Gambettola, Italy) as partly illustrated on Fig. 1 below, with a progression from 8-11 reps in 2-4 sets at 40% or 80% 1RM) and a cool-down (i.e. stretches, Pilates, Tai Chi). The unsupervised home-based exercises were similar in design to the supervised classes with the exception that all the resistance work was carried out using therabands, and a 20-min brisk walk was also included. An exercise booklet illustrated, using photographic and/or cartoons, all the exercises in detail. Home-based exercise was not to be performed the day preceding or following the supervised class exercise.
Statistical analyses
T tests were carried out to compare data at baseline. Two-way factorial ANOVAs were carried out with group as one factor (two levels: HighR vs. LowR) and phase as the second factor (two levels: baseline vs. post-intervention) to determine any main effects of the group or interventions. An ANCOVA was run on the get-up-and-go (GUG) IGFBP-3 datasets since the LowR and HighR populations differed in these parameters at the onset of the study. Data are expressed as mean ± SEM unless otherwise stated. Significance was set at P≤0.05.
Results
The two intervention groups did not significantly differ in age, habitual physical activity levels, height or weight at the onset of the current programme. Interestingly, however, the HighR group showed a tendency towards a greater overall body mass increase (∼3%; from 76.2± 3.5 to 78.3±4.2 Kg) after the 12-week intervention compared to the changes seen in the LowR group (∼1%; from 73.7±2.50 to 74.5±2.1 Kg). This effect, however, was not significant.
Body composition changes
No significant difference in BMI was observed in the two groups after the 12-week interventions. What is more, there was no change in waist-hip ratio in either the LowR population (0.90±0.02 to 0.91±0.02) or the HighR population (0.88±0.03 to 0.87±0.02). Nonetheless, interestingly, LowR exhibited a marked trend for increased body-fat percentage of 18.5±9.0% (from a value of 26.3±2.1% to 29.8±2.2% postintervention, P = NS), whereas such a trend for a rise in body fat percentage was attenuated in the HighR population (value of 9.2±7.9%, i.e. from 29.1±2.7% to 30.8±2.6%, P = NS).
Knee extensors muscle strength changes
One repetition maximum Prior to training, there was no significant difference in the mean 1RM strength measured by leg press, leg extension, calf rotation or gluteus conditioner between groups (P = NS). At 4, 8 and 12 weeks (i.e. the postintervention phase), the average strength increase for each exercise was significant for both intervention groups (P<0.05). However, the increase for LowR was significantly less pronounced in all exercises compared to HighR (see Table 2 ). The average 12-week increase in strength was 17±1% for LowR (8.9±1.7 kg) and 51±4% for HighR (23.6±3.4 kg).
Isometric: unilateral and bilateral torque
Prior to training, there was no significant difference in either the mean isometric unilateral or bilateral knee extensor strength (MVCext) between the two intervention groups (P = NS). Table 2 shows the mean changes in MVCext after the 12-week intervention in each group. Briefly, trends towards increased unilateral isometric force were seen postinterventions, though these effects were not significant. The HighR group exhibited a non-significant change in MVCext of 9.3±5.1% (122.6±13.6 to 133± 13.6 Nm, P = NS). LowR MVCext changed nonsignificantly by 1.3±3% (122.2±9.5 to 122.8±9.3 Nm, P = NS). However, the 12-week intervention resulted in a significant increase in bilateral torque in both HighR Fig. 1 a- 
Mid-thigh muscle thickness
Total muscle thickness (VL+VI) was significantly increased in the HighR participants by 5.8±2.6% (34.4±1.8 to 36.4±2.0 mm; P=0.038). LowR was without effect on total muscle thickness (32.6±2.0 to 34.6±2.2 mm; 6.8±5.4% change, P = NS).
Functional measures
Get-up-and-go
At baseline, there was a significant difference in reaction time (as determined by the GUG test) between the two groups, whereby LowR participants were taking significantly longer to complete the task (P<0.04). Both groups completed the GUG test significantly quicker post-intervention. GUG time was significantly improved by 10.8±3% (6.8±0.4 to 6.0±0.3 s) in the LowR population. Similarly, HighR was also significantly improved by 11.6±4.8% (5.5± 0.3 to 4.9±0.3 s). Even after accounting for the between-groups differing baseline values through the ANCOVA test, the difference in response to treatments remained significant (P<0.05).
Standing from lying
Functional power determined by standing from lying (SFL) time showed significant improvement in the HighR population (2.73 ± 0.19 to 2.36 ± 0.2, i.e −15.6% change, P=0.025 ) whilst the LowR population in fact showed a trend towards increased SFL (3.69±0.33 to 3.75±0.42, i.e 5.2% change, P = NS).
Six-minute walk
The distance covered during the 6-min walk test was increased by 8.5±1.7% (25.7±1.3 to 28±1.7 m) in the HighR participants (P<0.003). The LowR participants showed no change in distance covered (24.2±1 to 24.5±0.9 m; 1.9±2.3% change, P = NS).
Metabolic and endocrine characteristic changes
Data of the endocrine changes (i.e. post-intervention values normalised for baseline values) are summarised in Fig. 2 .
Metabolic profile-plasma levels of glucose and insulin
At baseline, there was no significant difference in the mean plasma glucose levels between intervention groups. The 12-week intervention resulted in a significant elevation in fasting plasma glucose of 16.1±4.1% (P=0.001) in the HighR group (4.80± 0.19 to 5.51 ± 0.08 mmol/L). The LowR group exhibited a (non-significant) trend for lower postintervention plasma glucose of −2.3±4.9% (5.34± 0.20 to 5.11±0.19 mmol/L).
Prior to training, there was no significant difference in the mean plasma insulin levels between the two groups. The 12-week intervention resulted in no change in plasma insulin levels for both LowR (3±7.5% change (i.e. 10±1 to 10.4±1.4 µU/ml)) and HighR (6±6.6% change (i.e. 8.06±0.69 to 8.51±0.92 µU/ml)) groups. 
Plasma levels of IGF-I and IGFBP-3
Serum levels of IGF-I did not differ significantly between the two groups at baseline. Post-intervention, in the LowR group, values changed from 342.6± 23.1 ng/ml at baseline to 313.8±20.8 ng/ml posttraining, a −8.4% change with the intervention, which was not, however, significant. Similarly in the HighR group, values decreased from 404.2±31.2 ng/ml at baseline to 383.5±19.0 ng/ml post-training, also a non-significant −5.1% change in serum IGF-I levels with the intervention. Serum levels of IGFBP-3 differed significantly between the two groups at baseline (P=0.035). Postintervention, in the LowR group, values changed significantly from 3,827.2±214.9 ng/ml at baseline to 4,317.8±282.0 ng/ml post-training, a 12.8% (P= 0.005) increase with the intervention. However, in the HighR group, values did not change significantly with the intervention whilst decreasing from 3,050.9± 259.4 ng/ml at baseline to 2,587.8±121.1 ng/ml posttraining, a −15.2% non-significant change. Even after accounting for the between-groups differing baseline values through the ANCOVA test, the difference in response to treatments by group remained significant (P=0.012).
Cellular degradation/inflammation signal-plasma levels of TNF-α and IL-6
Serum levels of TNF-α did not differ significantly between the two groups at baseline. Post-intervention, values decreased in both groups. Thus, in the LowR group, values changed significantly from 35.2±8.7 pg/ml at baseline to 29.6±7.7 pg/ml post-training, a −15.8% (P=0.030) change with the intervention. In the HighR group, values did not change significantly (29.0± 18.6 pg/ml at baseline vs. 31.0±20.9 pg/ml posttraining; an 11% change, P = NS).
Serum levels of IL-6 did not differ significantly between the two groups at baseline and were unaltered by training (LowR=3.00±0.58 pg/ml at baseline to 2.95±0.31 pg/ml post-training; HighR group=2.14±0.45 pg/ml at baseline to 2.56±0.71 pg/ ml post-training).
Discussion
Summary of findings in view of the study hypothesis
The current study sought to compare in vivo changes in skeletal muscle function, body composition and endocrine parameters in older people using two intensities of exercise, where one group of older persons performed resistance exercise once a week under supervision at 40% 1RM using resistance machines plus two unsupervised home-based training sessions using mainly therabands, and the second group performed resistance exercise twice a week under supervision at 80% 1RM using resistance machines and one unsupervised training session at home, using mainly therabands. We aimed to determine whether (a) high-resistance activity had positive muscle volume, functional and endocrine effects in older persons and (b) low resistance activity could in fact elicit a similar degree of improvement (as highresistance activity) in several factors (e.g. hormonal and functional) associated with physical well-being. We hypothesised that, owing to the impact of baseline function on responsiveness to training, compared to high-intensity resistance exercise, relatively low training intensity could also improve in vivo markers of healthy physiologic and endocrine functions in previously sedentary older individuals. Our current findings have partially supported our hypotheses. Indeed, whilst none of the interventions significantly impacted upon body composition markers, including BMI, waist-hip ratio and bioelectric impedance, muscle strength data showed an advantage for the HighR protocol with 51±4% and 22.4 ± 10.2% (P < 0.05) improvements in 1RM strength and bilateral knee extension torque, respectively, compared with 17±1% and 10.3±4.7% 1% (P<0.05) increments in the LowR group. Muscle thickness data also showed a greater benefit of a HighR protocol (5.8±2.6% increase, P<0.05) compared with the LowR protocol (no significant change). Functional ability tests including GUG, standing from lying and the 6-min walk all showed significant changes of −11.6±4.8%, −15.6% and 8.5±1.7% (P< 0.05), respectively, in HighR. In comparison, only the GUG test showed a significant decrease of −10.8±3% (P<0.05) in LowR. Finally, overnight fasting serum levels of IGFBP-3, NPY and TNF-α changed significantly in LowR whereas only serum levels of glucose and NPY changed significantly in HighR groups. Circulating levels of IL-6, insulin and IGF-I did not alter significantly with either intervention.
Muscle size and strength changes
Sixteen weeks of resistance exercise training has been shown to increase not only the strength but also type II muscle fibre size in old adults (Kosek et al. 2006) . Indeed, numerous studies have demonstrated that resistance training is an effective measure to counteract sarcopenia in both healthy and frail older adults (Carmeli et al. 2000; Charette et al. 1991; Ferri et al. 2003; Frontera et al. 1988 Frontera et al. , 2000 Frontera et al. , 2003 . It would appear that with an appropriate and effective exercise regimen, older adults may expect gains of 5-10% muscle CSA, accompanied by increases of 20-100% or more in muscle strength, depending on the muscle group under investigation. Our data thus agree with previous studies of similar duration (Charette et al. 1991; Frontera et al. 1988; Hakkinen et al. 2001; Lexell 1995) in terms of the magnitude of muscle strength and size benefits to be had from highintensity resistance exercise. Studies other than the current one, however, have not systematically compared lower intensity resistance exercise with highintensity programmes to try to quantify physiologic and endocrine adaptations, making our data novel in the current exercise intervention literature, as far as we are aware.
In agreement also with our current data, the majority of previous studies investigating the effects of strength training on muscle strength and mass in older adults have observed greater increases in muscle strength than in muscle CSA. Similar to the events seen in younger adults, the discrepancies between gains in muscle strength and gains in muscle size have mainly been attributed to neural adaptations (Fiatarone et al. 1990) . Findings indicate that fibre activation and recruitment are more rapidly modulated than muscle hypertrophy response. This is especially true of the low-intensity-trained participants in the current study who exhibited significant strength increments post-intervention without, however, showing any muscle size increments.
Molecular background of the observed in vivo muscle characteristics
Repeated bouts of resistance exercise increase protein synthesis (Hartman et al. 2006; Yarasheski 2003) , the metabolic determinant of gains in skeletal muscle mass (Kosek et al. 2006 ) in young and old adults, even if this increase in muscle protein synthesis with resistance exercise training in the old is lower than that seen in the young (Welle et al. 1996) . Our current findings suggest that there is no direct link between physical exercise and presence of chronically elevated, systemic IGF-I. In fact, there were no discernable changes in the levels of IGF-I at the end of the two training interventions. Interestingly, levels of IGFBP-3 increased significantly but only in the lower-intensitytrained population, whilst the high-intensity-trained participants showed no change in the levels of this IGF-modulatory protein. Most IGF-I (∼80%) circulates in a 150-kDa, high-affinity complex, which also contains IGFBP-3 and an acid-labile subunit. Analogous to the present findings, studies have found no change in IGF-I and IGFBP-3 concentrations following 8 (Bermon et al. 1999 ) and 12 weeks (Kraemer et al. 1999) of resistance training in a similarly aged population. In contrast, a significant increase in plasma IGF-I concentrations following an acute exercise bout was reported in one of these studies (Bermon et al. 1999) . In endurance training studies, IGFBP-3 has been shown to be independent of IGF-I responses and potentially to have its own biological activity at the level of the cell (Jones and Clemmons 1995) . Eliakim et al. (Eliakim et al. 1997) showed that in rat, muscle IGF-I concentrations can increase with relatively shortduration endurance training, despite lack of change in muscle IGF-I mRNA or serum IGF-I. These authors proposed that the mechanisms through which muscle IGF-I concentrations post-training could alter with no concurrent changes in muscle IGF-I mRNA nor indeed serum IGF-I levels may either involve (a) translational and/or post-translational-mediated events, (b) exerciseinduced increase in total blood volume or (c) modulated characteristics of the IGF binding proteins in the muscle tissue. Then again, a lack of change in serum IGF-I with training may suggest that IGF-I in the circulation may not be a meaningful marker of the activity of the GH-IGF-I system. Alternatively, increased IGF-I secretion from the liver may be quickly sequestered by the tissue in order to maintain a homeostatic balance of IGF-I in the systemic circulation (Kraemer et al. 1999) , which may explain why we observed little change in these endocrine measures with either intervention but pronounced gains in muscle strength. Finally, it is also possible that the issue of timing of the sera sampling might have played a role in our observations and that hormonal adaptations may have occurred in a more acute fashion, which we would have missed (Kraemer and Ratamess 2005) . In addition, it is notable that IGF-I basal levels in our two populations tended to show high values at baseline in the HighR group and for IGFBP-3 levels to be in fact lower at baseline in this group compared with LowR. In the case of IGF-I, this was possibly owing to the gender repartition in that the HighR group had proportionally (relative to the gender repartition in the LowR group) more females, and these tend to exhibit higher levels of the ligand (Brabant and Wallaschofski 2007) . In the case of IGFBP-3, the between-groups difference might be owing to the overall higher absolute number (8 vs 6) of female participants in LowR compared with HighR (Berrigan et al. 2009 ). Either way, the above two statements simply highlight the need for future single gender studies to elucidate an answer.
The increments in muscle strength found in the present study do not appear to be due to an increase in muscle mass resulting from an increase in the myofibrillar protein synthesis rate. Of course, an increased synthetic rate is insufficient to stimulate muscle hypertrophy. Notably, ageing is also associated with increases in the protein breakdown mechanism (Trappe et al. 2004) , and the impairment of this signalling may be an alternative pathway for maintained and/or improved skeletal muscle mass and, hence, performance. Our data illustrated significantly decreased TNF-α levels in the lower intensity exercise group only, with the highintensity-trained counterparts exhibiting no significant IL-6 or TNF-α responses.
Physiological age-dependant hormonal changes may partly explain the impaired muscle protein synthesis in older adults. A subsequent increase in levels of catabolic cytokines, particularly TNF-α may suppress protein synthesis (Sakurai et al. 1996) and exacerbate protein degradation in the muscle (Bales and Ritchie 2002; Moulias et al. 1999) . Resistance exercise may attenuate this process by suppressing skeletal muscle TNF-α expression (Greiwe et al. 2001) , an effect seen in the LowR group only in this study. However, in the case of high-intensity exercise, there may be a potential for greater 'micro-muscle-damage' (Nikolaidis et al. 2008) resulting in a changed inflammatory response with this exercise intensity. The strength gains observed in the present study for HighR strengthen claims that these gains may be attributed to neural factors; however, acute adaptations of anabolic hormones cannot be ruled out. An inverse relationship between local levels of TNF-α and skeletal muscle protein synthesis in frail older adults has been hypothesised (Greiwe et al. 2001) , and this is in agreement with the effect shown through the LowR intervention which stimulated a reduction in plasma concentrations of TNF-α. If increased myofibrillar protein synthesis was responsible for strength gains in the present study, one would postulate that circulating levels of TNF-α would decrease following 12 weeks of resistance training, as Greiwe et al. (2001) reported in an octogenarian population. The preference for decreased catabolic signalling for LowR in the present study was accompanied by modest strength gains compared to the strength gains in HighR. This suggests that lowintensity exercise in older populations may be sufficient to help alleviate one important modulator of inflamed ageing, while not impacting on the phenotypic expression of skeletal muscle mass. What is clear, however, is that the hormonal pathways used for LowR appear different to those seen with HighR exercise.
Finaly NPY, the sympathetic co-transmitter which causes vasoconstriction, decreases coronary blood flow and decreases cardiac output (Hauser et al. 1996) was seen to diminish significantly with the two levels of exercise, hence, denoting positive circulatory adaptations with exercise. The fact that the chronic circulating levels of the immunoreactive NPY decreased to a similar extent with both exercise intensities reinforces the effectiveness of lower exercise intensity in the older age group.
Body composition and metabolism at the whole body as well as endocrine level Our findings are that body fat content did not significantly change whilst the body weight of participants was maintained from baseline to the postintervention phase. These data on body composition changes appear to be at odds with a previous study that demonstrated a decrease in body fat content following a programme of resistance exercise in older populations (Kitamura et al. 2003) . It should, however, be noted that more than resistance training, aerobic exercise is generally linked to decreased adiposity, and even then, there are aerobic studies showing no body composition changes post-intervention (Tonino 1989) . This fact, combined with the fact that the current programme was limited in terms of aerobic work (participants did not carry out the aerobic phase of their programme at 85% of maximum heart rate, nor was this phase more than 15-20 min per session altogether), may explain the lack of changes in this parameter in the current study. What is more, ageing is linked to a decline in resting metabolic rate (RMR), presumably owing to the ageing-associated loss of muscle mass (Welle and Nair 1990) , decreased physical activity (Vaughan et al. 1991 ) and decreased rate of protein metabolism (Welle and Nair 1990) . The mechanism by which RMR is increased with resistance training is presumed to be linked to an increase in protein turnover and associated increased (a) muscle protein synthesis, (b) muscletissue damage and (c) muscle-tissue repair. Thus, the fact that these functions were generally not significantly changed with the training interventions may explain why any impact on body composition was largely limited. What is more, our current findings are aligned with the suggestions that maintenance of fat mass may be an important coping mechanism in the elderly, even in the presence of increased physical activity. Indeed, loss of adipose tissue predisposes individuals, especially the elderly, to chronic skin ulcers, disturbances of body temperature and decreased energy reserves in the face of chronic illness. Thus, there is no evidence to date to suggest that reduction of adipogenesis and/or excessive fat loss per se have any beneficial effects (Zhu et al. 2007 ) in older persons. In contrast, impaired adipogenesis has been reported to be associated with insulin resistance i.e. increased glucose intolerance (Heilbronn et al. 2004; Yang et al. 2004) , thus potentially contributing to the paradoxical development of type II diabetes in very old lean patients.
Moreover, in the current study, whilst there were no significant changes or in fact any noticeable trends in the levels of insulin in the two groups, the high-intensitytrained participants in fact concluded the programme with significantly higher levels of glucose, whereas glucose levels in the low-intensity-trained participants remained unchanged. A study by others proposes that exercise alone may not be sufficient to induce changes in fasting plasma glucose and insulin levels (Matthews et al. 1985) . In the face of no changes in body composition in our high-intensity-trained study population, it is, therefore, not surprising that the glucose profiles also bucked the trend for expected (Ryan 2000) reductions in glucose levels as well as fat content and/or central adiposity. It cannot be ruled out, however, whether this study group in fact altered their habitual nutritional intake, hence altering glucose metabolism through a different mechanism. It should also be pointed out here that although the glucose level changes were significant in HighR (∼16.1% increment), they were not clinically relevant as the status of the participants remained healthy (absolute glucose levels increased from ∼4.80±0.19 to 5.51±0.08 mmol/L, thus remaining within the expected healthy norm, post-intervention).
Whatever the case, the effect of resistance training as a single intervention for impacting on plasma glucose warrants further investigations.
Functional abilities changes with exercise training
Finally, the two training programmes employed in the present study appear to have enhanced habitual function, more successfully than previous studies' attempts to do so, particularly where the get-upand-go test is concerned (Earles et al. 2001; Fiatarone et al. 1990; Schlicht et al. 2001; Skelton et al. 1995) . Nevertheless, our findings of improved function with training do corroborate with the findings of some earlier studies (Skelton et al. 1997; Taaffe et al. 1999) , even where the lower intensity group is concerned.
Conclusion
The two training intensities yielded a number of positive adaptations, including for both, improvements in strength and functional abilities. It is notable, however, that whilst in vivo physiologic function changes showed a clear advantage for older persons to carrying out high resistance training, at the endocrine level, such an advantage (at least chronically) is not seen. In fact, in terms of changes in sera levels of overnight fasted resting levels of glucose, IGFBP-3 and TNF-α, there appears to be an advantage to carrying out the lower intensity, long-term exercises for the aged populations where only endocrine factors are taken into account. Together, these studies suggest that mixed exercise intensity interventions should be advocated.
